1.
The system is non-interceptive and nondestructive. The beam phase space is preserved.
2.
It is non-despersive. Path length variations are not introduced into the beam transport which would reduce the timing resolution.
3.
It has a large signal-to-noise ratio when compared to non-resonant beam pick-up techniques.
4.
It provides the means to precisely set the linac energy and, potentially, to control the energy in a feedback loop if desired. 5.
It is less expensive than an equivalent magnetic system.
II. Implementation
The resonant pickup time-of-flight system consists of two beam-excited resonators, associated electronics to decode the information, a computer interface to the linac PDP 11/34 control computer, and software to analyze the information and deduce the measured beam energy. A schematic overview of the system is shown in Figure 1 .
A. Resonators
The resonant pickups chosen for the system are X/2 helix resonators. These resonators are tuned to the beam pulse frequency of 48.5 MHz and are matched to a synchronous particle velocity of S = 0.1. Each resonator is 0.32 m long and has an inner diameter of 11.0 cm. The helical structure is constructed of 0.64 cm diameter tubing with a major coil diameter of 5.5 cm and a pitch of 2.31 cm. The resonators are constructed of stainless steel which is plated with silver to a thickness of one mil. This construction approach produces a rugged inexpensive design with excellent vacuum characteristics.
In a resonant detector, the field induced by a beam pulse decays exponentially and is given at time t after the pulse by A schematic of the electronics used in this system is shown in Figure 1 . The modulated field in the resonator is sent to a radio receiver which detects the 5 kHz side-band frequency. The 
III. System Operation and Sensitivity
The energy measurement system is installed and functioning on one beam line at the tandem-linac. The system yields phase readings with typical stability of ± 0.20 with an averaging time of 0.1 msec. For particle velocities with a = 0.1 c, the total flight time between detectors is 300 ns. Therefore the sensitivity to relative energy changes is 6E/Eo = 26t/tZ 1.0 x 104
The resonant helix detectors provide a signal strength of approximately 5pV/nA of beam current (electrical) into 50 ohms. For beam currents below 5 nA (electrical), we find an amplitude dependent phase shift with a magnitude of 2.6 degrees at 1 nA of beam current. This reduces the relative energy resolution to 1 x 10o3 for beam currents between 1 and 5 nA. The observed amplitude-dependent phase shift is due to the vector addition of a fixed phase noise source and the actual beam signal. An improved design of the electronics to increase channel separation is planned which is expected to give improved sensitivity to the system. Another improvement which is being pursued is the use of a spiral resonator, which is expected to have better coupling to the beam than the present helix resonators and therefore yield an improved signal-to-noise ratio.
An initial calibration of the system has been performed using beams of known energy from the tandem accelerator operating with the linac. This calibration is based on the calibration of the 90°a nalyzing magnet of the tandem accelerator. The present absolute calibration is accurate to a value of WE/E 2 x 10-3. A more careful absolute calibration will take place in the near future. To obtain an absolute accuracy approaching 1-2 x 10-4 may require the ability to routinely determine the distance between the two detectors on a regular basis. This is due to phenomena such as the thermal expansion of concrete which may cause variations in path length of the order of 10-4 over the course of a year.
In operation of the energy-measurement system, the linac computer first reads the phase angle. The number of 48.5 MHz periods and the expected phase angle are computed based on the assumed energy. The difference between the expected phase angle and the read phase angle constitutes a correction to the expected time-of-flight and the corresponding energy for this new flight time is computed. The computer checks that the accelerator system is operating properly and determines that the signal amplitude in the phase detector system is above a minimum value. If all requirements are satisfied, the computed energy is displayed on the color TV monitor of the linac control console. The results are also recorded periodically in the accelerator log.
The system will be expanded with the installation of detecting resonators on other beam lines.
